Summary. A single intraperitoneal injection of 10 mg estriol (E3) rapidly induced a transient decrease in the serum albumin (ALB) level in 3 to 5 days in adult mice. At a dose of 5 mg, E3 showed a remarkable threshold effect on the decline of serum ALB. By immunohistochemistry, two types of ALB-positive cells were found in the liver. Type 1 cells were stained intensely and almost homogeneously throughout all or nearly all their entire cytoplasm, and type 2 cells showed only granular or vesicular cytoplasmic deposits. After administration of 10 mg E3 , the type 1 cells diminished rapidly and markedly in direct proportion to the fall in serum ALB from the centro-and mediolobular zones, where they had been normally localized either singly or in small groups. Simultaneously, the granular or vesicular deposits that had been normally stained very weakly in the type 2 cells in the centro-and mediolobular zones became intensely stained along with cells in the perilobular zone. Alpha-fetoprotein (AFP)-containing cells in the liver appeared in maximal numbers at 5 to 7 days after E3 administration.
These serological and cytological changes after E3 adiministration are here discussed on the basis of a possible inverse relationship between ALB and AFP gene expression.
Albumin (ALB) and alpha-fetoprotein (AFP) are major plasma proteins, both of which are synthesized by hepatocytes. The level of ALB rises from a low value in the fetus to a higher plateau in the adult (WATABE et al., 1972; TAMAOKI et al., 1976; NAYAK and MITAL, 1977) . On the other hand, AFP quickly drops to an extremely low level soon after birth. The reciprocal expression of ALB and AFP genes under physiological conditions in prenatal and postnatal life has been reported by many investigators (INGRAM et al., 1981; JAGODZINSKI et al., 1981; KIOUSSIS et al., 1981; POLIARD et al., 1986) . Reciprocal changes in ALB and AFP gene expression have also received attention for their role in liver regeneration and carcinogenesis (DEMPO et al., 1983; PETROPOULOS et al., 1983; PANDURO et al., 1986; EVARTS et a!.,1987) . Partial hepatectomy and hepatocarcinogens such as carbon tetrachloride or 3'-methyl-4-dimethylaminoazobenzene induce AFP production by parenchymal cells of the adult liver (HIRAI,1979) . In a recent study, we reported a dramatic increase in both serum AFP levels and the numbers of AFP-producing hepatocytes without any apparent tissue lesions after exposure to a large dose (10 mg) of estriol (E3) (KOTANI et a!.,1987) . The aim of the present study is to examine the corresponding decrease in ALB both serologically and immunohistochemically.
MATERIALS AND METHODS
Male mice of the inbred C57BL/6J strain from our own colony, 10-12 weeks old and weighing approximately 25 g, were used in this study. They were housed in a climate-controlled room at 23-25, fed standard laboratory feed (Nikon Nosan Kogyo, Yokohama, Japan) and given water ad libitum.
The mice were injected intraperitoneally with 0.1-10 mg of E3 in 1.0 ml of aqueous suspension (Estriel: Mochida Pharm. Co., Tokyo, Japan). Control mice were given 1.0 ml solvent (50 mg arabic gum and 1 mg polysolvent 80 in 100 ml isotonic saline) only, without E3, in the same manner.
Blood was withdrawn from the inferior vena cava under ether anesthesia for estimation of the levels of ALB in serum. Serum ALB was measured using brom-71 cresol green according to the method by DOUMAS et al. (1971) . The animals were sacrificed by cervical dislocation immediately after blood collection and small pieces of the liver were excised.
The specimens were fixed in Zamboni's fluid (STE-FANINI et al., 1967) for 5-7 days at 4, washed with tap-water overnight and embedded in paraffin. Serial sections, 6 pm thick, on gelatin-coated glass slides were dewaxed, hydrated and rinsed in phosphatebuffered saline (PBS: 0.01 M, pH 7.2). After the inhibition of endogenous peroxidase activity by incubation for 30 min in 0.3% H2O2 in methanol, the sections were treated with a rabbit anti-mouse ALB antibody (CooperBiomedical, Inc., Malvern, USA) at 1/2,000 dilution or with a rabbit anti-mouse AFP antibody (ICN ImmunoBiologicals, Lisle, USA) at 1/400 dilution for 30 min each at room temperature, washed thoroughly with PBS, processed with a Vectastain ABC Kit(Rabbit IgG : PK-4001> (Vector Laboratories, Burlingame, USA) and washed again. The sections were then incubated in a peroxidase substrate solution (30 ml of PBS containing 0.017% 3, 3'-diaminobenzidine tetrahydrochloride mixed with 50 ji l distilled-water containing 3% H2O2) for 10 min at room temperature, and finally counterstained with hematoxylin.
RESULTS

ALB in serum
The serum ALB concentration rapidly decreased to about 80% of its normal value within 3 days after intraperitoneal administration of 10 mg E3 (Fig. 1 ). This low level of ALB persisted until day 5. Serum ALB then increased rapidly during the next 5 days, and more gradually for further 10 to 20 days, finally returning to normal ALB concentrations. Serum ALB concentration in control mice that received only the solvent showed no change throughout the experimental period. A temporary decrease of the mean value in the early stage of solvent injection was not statistically significant.
The changes in serum ALB concentrations 5 days after the administration of various doses of E3 are shown in Table 1 . ALB was decreased by the administration of both 0.1 mg E3 (p<0.05) and 0.5-3 mg E3 (p < 0.01). A remarkable threshold effect on the fall in serum ALB level was induced by 5 mg E3 (p < 0.001).
ALB localization in the liver
Immunohistochemically, two types of cells positive for ALB were observed (Figs. 2, 3) . Type 1 cells were stained intensely and almost homogeneously throughout all or almost all the entire cytoplasm, whereas type 2 cells showed only granular or vesicular cytoplasmic deposits. In the normal liver, type 1 cells were present either singly or in small groups, preferentially in the centro-and mediolobular zones (Fig. 4) . Almost all other cells distributed throughout all three zones of the lobule were type 2, although cells negative for ALB were also scattered throughout the centro-and mediolobular zones. In contrast to the typical type 2 cells in the perilobular zone, the granu- (Figs. 7, 8 ).
AFP localization in the liver AFP-positive cells were first evident 3 days after E3 administration, although their number was small. They were most numerous in the period from 5 to 7 days (Fig. 9) , distributed mainly in the centrolobular zone around the central vein, although a few were also scattered in the lobule. During this period, smaller cells with a particularly intensely staining cytoplasm for AFP and pale, oval or round nuclei were occasionally seen. AFP-positive cells undergoing mitosis were also present sporadically. At 10 days, AFP-positive cells were markedly diminished, and at 15 days, only occasional positive cells were recognizable.
DISCUSSION
When the changes in serum ALB levels seen in this study were compared with those in serum AFP levels observed in the previous study (KOTANI et al., 1987) after administration of the same dose (10 mg) of E3, ALB and AFP showed an inverse relationship. Serum AFP rapidly increased, peaking on day 5 after E3 administration.
In contrast, serum ALB rapidly decreased and showed a minimum during the period from 3 to 5 days. In addition, 5 mg E3 produced a remarkable threshold effect on the elevation of serum AFP in the previous study (KoTANI et al., 1987) and on the decline in serum ALB in this study. The suppressive effect of estrogen on the production of ALB by hepatocytes has been previously reported in birds (WACHSMUTH and JOST, 1976) and amphibians (KAWAHARA et al., 1981) , but not in mammals, to our knowledge.
Immunohistochemically, two types of ALB-positive cell were found. Normally, type 1 cells with intense staining of their entire cytoplasm (or a large part) were present preferentially in the centro-and mediolobular zones, while type 2 cells showing staining of only granular or vesicular deposits were observed in all zones. After administration of 10 mg E3, type 1 cells were markedly diminished in direct proportion to the fall in serum ALB. Since hepatocytes pancytoplasmically positive for ALB are markedly reduced (TUCZEK et al., 1985) or absent (YOKOTA and FAHIMI, 1981) after perfusion of the liver with saline or fixatives, the marked reduction of type 1 cells after E3 administration may be due to a passive influx of serum ALB rather than to a decrease in ALB synthesis by these cells. In any event, the present study demonstrated the presence of particular hepatocytes that reacted promptly to serum ALB. The type 1 cells reappeared when serum ALB began to recover. With respect to the type 2 cells, the zone difference in the staining intensity of granular or vesicular deposits was identical to findings of in situ hybridization studies on the expression of the ALB gene (SCHWARZ et al., 1986 ; EVARTS et al., 1987) . The staining of granular or vesicular deposits became much more intense during the period of low serum ALB after E3 administration in cells throughout all three zones of the lobule, particularly in the centro-and mediolobular zones. Staining of the granular or vesicular deposits by immunohistochemical techniques has revealed ALB localization in the rough and smooth endoplasmic reticulum and in the Golgi apparatus (GUILLOUZO et al., 1978; TUCZEK et al., 1985) .
Therefore, the marked increase in staining of the granular or vesicular deposits after E3 administration may be due to an accumulation of ALB in those cell organelles, probably because of some disturbance in the mechanism of intracytoplasmic protein transport towards the cell surface for secretion. Alternatively, such a change in the staining of granular or vesicular deposits may simply represent the active production of ALB to compensate for the drop in serum ALB through some unknown, accelerated turnover mechanism after E3 administration.
With regard to AFP, the present study confirmed our previous work (KoTANI et al., 1987) demonstrating the effect of E3 on the induction of AFP-containing cells in adult mice. An inverse relationship between the expressions of the ALB and AFP genes has been noted physiologically during pre-and postnatal life (INGRAM et al., 1981; KIoussIs et al.,1981; JAGODZINSKI et al.,1981; POLIARD et al., 1986) and also pathologically during liver regeneration and carcinogenesis (DEMPO et al., 1983 ; PETROPOULOS et al., 1983 ; PAN -DURO et al., 1986; EVARTS et al., 1987) . The cellular mechanisms responsible for this modulation of the ALB and AFP gene expression are still unknown. A large dose of E3 evokes not only the production of AFP (KoTANI et al., 1987) , but also the proliferation of hepatocytes (FUJII et al., 1985) , and the formation of hemopoietic foci (HAYAMA et al., 1983) in the adult mouse liver. These facts, including the decline in serum ALB, may represent a retrodiff erentiation to fetal liver upon exposure to a high level of estrogen (TULCHINSKY 1973) . Whether the occasional cells that were smaller than the usual hepatocytes but stained very intensely for AFP are the so-called "oval cells" appearing in the early stage of carcinogenesis is unclear.
